Vibrio vulnificus is an opportunistic pathogen capable of causing a fulminant septicaemia in susceptible patients. Underlying chronic diseases such as liver impairment and immunosuppression are important factors contributing to the severity of the infection and outcome. Early suspicion and diagnosis with appropriate antibiotic therapy is important as delay can adversely affect outcome. For those who develop tissue necrotizing fasciitis, early surgical debridement is recommended to allow better penetration of antibiotics and also to reduce the severity of the septicaemia. Mortality is quoted as between 50% and 90%. Current antibiotic recommendations are intravenous ceftazidime 2 g tds and doxycycline 100 mg od.
Vibrio vulnificus belongs to the family of
Vibrionaceae which is a family of rod-shaped Gramnegative microorganisms. With the exception of Vibrio cholerae and Vibrio mimicus, all the other members are halophilic (salt loving) and require salt for growth. During the past 20 years, there has been a growing appreciation of the pathogenicity of noncholera vibrio species, particularly in causing fulminant septicaemia. There are currently 12 species known to be pathogenic in humans. The majority cause gastroenteritis, but certain species like V. vulnificus have a predilection for extra-intestinal sites, including blood and wounds. V. vulnificus causes the most fatal and rapidly progressive disease. In a large series of vibrio infections described by Hlady and Klontz 1 , 53% of patients infected with V. vulnificus presented with primary septicaemia with a case-fatality rate of 56%, with a mean time from hospitalization to death of 4.3 days. V. parahaemolyticus and V. cholerae non-01 are also known to cause severe septicaemia, with case-fatality rates of 33% and 25% respectively in the study by Hlady and Klontz 1 . The great majority of patients who succumb to septicaemia from these three species have underlying disease, especially liver disease and alcoholism. Other vibrio species are less virulent but rarely also cause septicaemia in immunocompromised patients. These include V. parahaemolyticus 2 , V. cholerae 3 , V. alginolyticus 4 , V. hollissae 5 , V. fluvialis 6 , V. mimicus 7 , V. metschnikovii 8 , V. damsela 9 and V. cincinnatiensis 10 . We report two cases and provide a short review of the literature.
CASE HISTORY Patient 1
A 69-year old man, previously fit and well, sustained a fish bite on his right arm while snorkeling at Pulau Redang, off the coast of Trengganu State in West Malaysia. Within a few hours he was admitted to the local hospital with necrotizing fasciitis of the right arm and septic shock. He was resuscitated with intravenous (IV) fluids, commenced on dopamine (5 to 10 µg/kg/min) and adrenaline (0.01 to 0.2 µg/kg/min) and started on IV penicillin 2 g qds, ceftazidime 2 g bd, cloxacillin 1 g qds and metronidazole 500 mg tds to provide a broad cover. The following day, he was airlifted to our surgical intensive care unit (SICU) where he was intubated and ventilated because of increasing drowsiness, metabolic acidosis and tachypnoea. A pulmonary artery catheter was inserted and this showed a high cardiac output and low systemic vascular resistance. Inotropic support was subsequently changed to noradrenaline (0.01 to 0.4 µg/kg/min) and adrenaline (0.01 to 0.3 µg/kg/min). After two hours of stabilization, he underwent extensive debridement of his right upper limb. Antibiotic combination cover was changed to IV ceftazidime 2 g bd, doxycycline 100 mg od and clindamycin 300 mg tds. Over the course of the week, he remained inotrope-dependent, became coagulopathic (prothrombin time 19.8 to 23 seconds) and thrombocytopenic (platelet count of 50 to 90 x 10 9 /l), requiring repeated transfusions of fresh frozen plasma and platelets. He also developed increased generalized pulmonary shadowing on his chest radiography consistent with acute respiratory distress syndrome and renal impairment with a creatinine level of 324 µmol/l. Ischaemia of both feet later developed which was suggestive of septic emboli. Repeated blood cultures did not reveal any organisms. A week later, tissue cultures obtained from the surgical debridement grew two organisms-Vibrio vulnificus and Staphylococcus aureus. He gradually improved and he was extubated on day 12 and discharged to the high dependency unit two days later. His ischaemic toes turned gangrenous but remained dry and did not require surgical intervention. Antibiotics were continued for a total of six weeks. Following three negative blood cultures, he underwent skin grafting to the right upper limb and was eventually discharged home.
Patient 2
A 52-year old man presented to the Accident and Emergency department with haematemesis. He had a history of heavy alcohol intake and a liking for seafood. Upper gastrointestinal endoscopy revealed bleeding oesophageal varices which were banded. However, the following day, his systolic blood pressure fell to 80 mmHg and he developed a tachycardia of 160/min, a respiratory rate of 30/min and pyrexia of 38.4°C. Arterial blood gas analysis showed pH 7.428, PO 2 87 mmHg on 3 l O 2 /min, PCO 2 11 mmHg, standard bicarbonate 13.6 mmol/l and base excess -14. A chest radiograph showed bi-basal lung collapse. A fluid challenge was administered with little effect and a repeated haemoglobin test did not show a significant fall. He was transferred to the SICU where he was intubated and started on adrenaline (0.2 µg/kg/min). Computed chest tomography excluded a pulmonary embolus and a preliminary diagnosis of sepsis was made. His initial antibiotics of IV cefipime 2 g bd and metronidazole 500 mg tds were changed to imipenem 1 g bd and vancomycin 1 g od to provide a broader spectrum of cover. Six days after hospital admission, the blood cultures that were sent on day 2 grew Vibrio vulnificus. The antibiotics were then changed to IV ceftazidime 2 g bd and doxycycline 100 mg od. His SICU stay was further complicated by acute renal failure requiring dialysis, methicillin-resistant Staphylococcus aureus pneumonia, and the presence of Candida tropicalis and Chryseobacterium meningosepticum in his blood. He deteriorated and died after 30 days in SICU.
DISCUSSION

Epidemiology and Mode of Infection
Like other vibrios, V. vulnificus is autochthonous (indigenous) to ocean and estuarine waters and is more prevalent during summer months when temperatures exceed 20°C. This organism is free living but tends to be concentrated in filter feeders like oysters 11 and other shellfish such as crabs 12 . A study from the U.S. East Coast waters showed that 84% of isolates found in animals are in oysters and clams 13 . Prawn, eel 14 and fish also harbour the organism. Singapore is surrounded by warm sea water and seafood is popular. V. vulnificus infections are not uncommon here, but the incidence is not known because with the exception of cholera, other vibrio infections are not notifiable.
Infection from Vibrio vulnificus is brought about in two ways-ingestion of contaminated seafood or inoculation through skin. Raw oysters are the most common seafood source of the infection in all published series. Bacteria from raw or partially cooked seafood can gain entry into the body. Incubation periods vary in different studies, ranging from 7 to 38 hours [15] [16] [17] . In Hlady and Klontz's series of 690 patients in Florida 1 , 83% of those who had primary septicaemia reported eating raw oysters during the week before onset of illness. The number of oysters consumed however, bears no correlation with the incubation period or fatality rate as infection has resulted from ingestion of as few as three oysters 16 .
Inoculation through the skin can be from a fresh injury by a marine animal such as a fish bite, from contact injury with shells or exposure of open wounds to seawater. In the series described by Chuang et al in Taiwan 18 , 91% of the patients with wound infection were due to fish bites, seafood handling or wounds exposed to salt water.
Predisposing Factors
There is a strong association between patients presenting with primary septicaemia and chronic medical conditions such as liver disease in particular. Of the 49 patients reported by Howard and Bennett 19 , 39 (80%) who had primary septicaemia also had severe liver disease and cirrhosis, while the rest had other problems such as cancer, diabetes, steroid usage and previous gastric surgery. Klontz 18, 20 also found similar associations. In the study of the epidemiology of vibrio infections in Florida by Hlady and Klontz 1 , the case-fatality ratio in those who had primary septicaemia from Vibrio vulnificus and with preexisting liver disease was 58% and those without preexisting liver disease, 30%. Based on data from cases reported in Florida, the behavioural risk factor survey and population data, the annual rate of illness from V. vulnificus infection for adults with liver disease who ate raw oysters was 72 per million (80 times the rate for adults with no liver disease) and the annual death rate from V. vulnificus in those with liver disease who ate raw oysters was 45 per million (more than 200 times greater than the rate for those without liver disease) 11 . Chronic liver disease is associated with depressed immunity and in the presence of portal hypertension, organisms that enter the portal system can bypass the reticuloendothelial system due to shunting.
Pathogenicity
The encapsulated form of the bacteria is associated with virulence. The polysaccharide capsule confers protection by resisting phagocytosis by host polymorphonuclear cells and can also directly stimulate release of inflammatory cytokines such as tumour necrosis factor 21, 22 . For unknown reasons, the bacterium is capable of shifting from unencapsulated to capsulated phenotype. Less than 1% of environmental isolates actually belong to the virulent group 23 . Thus the combination of a susceptible host and a virulent strain are needed for infection and this probably explains the infrequent occurrence of the infection.
The organism's virulence is associated with the availability of iron 24 . Patients with increased iron stores such as those with haemochromatosis, alcoholic liver disease, thalassaemia and haemolytic anaemia are more susceptible. In the presence of excess iron and higher transferrin saturation, free iron is available as a nutrient for accelerated growth. The organism is unable to use transferrin-bound iron and thus transferrin saturation is a more important growth variable than the total iron stores 24, 25 . Experimentally, administration of iron to animal host has been shown to significantly decrease the infection dose needed for clinical infection. The inoculum for infection is lower and the illness is uniformly fatal in those with haemochromatosis 15, 18 . Experiments in mice showed that iron overload not only accelerated its growth to lethal levels but it also stimulated the production of tumour necrosis factor when infected with the bacteria and reduced neutrophil activity 26 .
Survival of the organism in blood is positively correlated with serum ferritin levels and the percentage of transferrin iron saturation and negatively correlated with serum C4 concentration and neutrophil phagocytosis 27 . Alcohol may increase iron absorption by increasing gastric secretion and is also associated with depressed immunity and cirrhosis. Chronic liver disease patients have reduced protein synthesis including transferrin and thus may have increased free iron. Males are probably more susceptible as they have higher saturated transferrin levels.
The organism also produces several cytotoxins like haemolysin, proteases, lipases, mucinase, collagenase and various phospholipases, which may all be involved in septic shock. Cytolysin, another substance produced, can cause pulmonary damage similar to acute respiratory distress syndrome 28 . Local bradykinin generation has been shown to enhance the infection in mice with a specific antagonist inhibiting the process 29 .
Clinical Presentation
The infection manifests in each of three ways or in combination-primary septicaemia, wound infection and gastroenteritis 1, 16 . In the series of cases reported by Hlady and Klontz from 1981-1993, 53% of V. vulnificus infections presented as primary septicaemia, 33% as wound infections and 11% as gastroenteritis 1 .
Primary Septicaemia
This form of infection occurs almost exclusively in those who are immunocompromised 19 . Chief symptoms include fever (94%), chills (91%) and nausea (58%). A third of patients present with shock at the time of admission, or in the 24 hours following admission 20 . The mean time for developing symptoms of V. vulnificus septicaemia after ingestion of raw oysters is approximately 38 hours 17 . A notable finding is the absence of significant diarrhoea in these patients immediately preceding their septicaemic illness. Three quarters of these patients develop typical skin lesions, usually in the peripheries but also on the trunk, typified by a maculopapular rash which may progress to bullae, necrotic ulcers and gangrene 20 . New lesions may develop despite appropriate antibiotic therapy.
Mortality from this infection is high. Klontz and colleagues report a mortality of around 50% rising to 90% in those who have hypotension within 12 hours of admission 16 . Most deaths occurred within 48 hours of admission 18, 19, 30 .
Wound Infection
This may be mild and self-limiting but may worsen progressively to give rise to skin necrosis, rhabdomyolysis and necrotizing fasciitis with secondary sepsis 31 . The tissue swelling involved also compromises oxygen delivery and reduces antibiotic penetration. Wound infection without septicaemia is more common in immunocompetent than immunocompromised hosts 17 . In the Taiwan series 18 , 30 out of 69 cases had secondary bacteraemia but the mortality from wound infection was lower at 25.3% compared to 54.2% for primary septicaemia.
Gastroenteritis
This usually presents with watery or bloody stools associated with nausea, vomiting and abdominal cramps lasting for a few days and is self-limiting. Use of antacids and agents which suppress acid secretion may be a risk factor in developing the infection 32 . Stool cultures are very likely to be positive 32 .
Laboratory Diagnosis
Vibrio vulnificus poses two special problems to the diagnostic microbiology laboratory. Firstly, as vibrio species are rarely encountered in most diagnostic laboratories, this group of organisms can be confused with Enterobactericeae, Pseudomonas, Aeromonas or Plesiomonas species. Secondly, most Vibrio species including V. vulnificus require salt for growth. V. vulnificus grows readily on standard laboratory media such as 5% blood agar and MacConkey agar as these media contain 0.5% salt. This organism differs from the other Vibrio species in producing lactosefermenting colonies on MacConkey agar. Selective agar such as thiosulphate-citrate-bile salts-sucrose (TCBS) agar should be used for stool specimens and V. vulnificus produces bluish-green colonies on this medium. Key characteristics that aid in the separation of Vibrio species from other medically significant bacteria are the production of oxidase, fermentative metabolism, requirement of salt for growth and susceptibility to O129. V. vulnificus is differentiated from the other Vibrio species by means of biochemical reactions. It is important that media used for biochemical reactions are supplemented with 1% salt or identification may be unreliable and laboratory staff should be specifically informed to identify the organism.
Treatment
This involves supportive measures, intensive care admission if necessary, early appropriate antibiotic therapy and surgery.
Antibiotic Therapy
Delay in administration of antibiotics is associated with increased mortality 16 . Reported mortality was lowest for patients started on antibiotics within 24 hours of the onset of the illness 16 . There continues to be debate as to the most efficacious antimicrobial agent for treatment of V. vulnificus infections. Most isolates of V. vulnificus are susceptible to a variety of antibiotics in vitro, including chloramphenicol, tetracycline, aminoglycosides, third-generation cephalosporins, aztreonam, imipenem and the fluoroquinolones [33] [34] [35] . In a study with a mouse model, Bowdre et al found that tetracycline proved to be far superior to cefotaxime or gentamicin 36 . No controlled drug trials have been done but successful therapy has been reported with third generation cephalosporins 18 , chloramphenicol 36 and tetracycline 16 in systemic V. vulnificus infections. Ciprofloxacin has been used successfully to treat wound 37 and eye 38 infections caused by this organism. Dual drug therapy is recommended by experts and combinations of tetracycline and gentamicin 23 or tetracycline with a third generation cephalosporin 39 have been suggested. Taiwanese researchers have demonstrated that cefotaxime and minocycline have a synergistic effect in vitro 35 , and that combination therapy with these two antibiotics proved to be more advantageous than single antibiotic regimen in a mouse model 40 . Current recommendations in our practice are doxycycline 100 mg od and ceftazidime 2 g tds. Clindamycin was given in patient 1 initially to cover group A streptococcus which can also cause tissue necrotizing fasciitis similar to V. vulnificus.
Surgical Exploration
This should be done early with thorough debridement of all necrotic tissue to reduce the severity of sepsis and also to allow better antibiotic penetration 41 , but can be complicated by abnormal coagulation and thrombocytopenia. A study by Halow and colleagues showed that early operative exploration and debridement correlated with a decrease in the duration of intensive care stay and hospitalization 42 .
